This work will focus on the preparation of yttrium iron garnet (Y 3 Fe 5 O 12 , YIG) via mechanical alloying technique derive by steel waste product. The Fe 2 O 3 powder derived from the steel waste purified by using magnetic and non-magnetic particles (MNM) and Curie temperature separation (CTS) technique. The purified powder was then oxidized in air at 500 °C for 9 hours in air. The Fe 2 O 3 was mixed with Y 2 O 3 using high energy ball milling for 9 hours. The mixed powder obtained was pressed and sintered at different temperature 500/600/700/800/900/1000/1100 °C. X-ray diffraction (XRD) shows the YIG is completely form at 1100 °C. The field emission scanning electron microscopy (FESEM) images shows the grain size increases as increase the sintering temperatures. The frequency dependence on the complex permeability, µ' and magnetic loss, µ'' in the frequency range 10 MHz to 1 GHz were measured in this study. The results showed that the highest μ΄ is 5.890 obtained from 1100 °C.
INTRODUCTION
Steel waste are produce from steel mill manufacturing. It is contains of dust, slag, sludge, and mill scale. Almost 5 million tons of the steel waste are manufactured from steel mill factories annually. Steel waste contains highest percentage of iron (≈ 72 % Fe) [1] , consists of iron oxides; wustite (FeO), hematite (Fe 2 O 3 ), and magnetite (Fe 3 O 4 ) [7] . It has a flaky surface structure that forms on the outer surfaces of plates, or sheets produced by rolling hot iron or steel billets in rolling mills.
YIG (Y 3 Fe 5 O 12 ) is a soft ferrimagnetic material with garnet structure. It is the most representative and a well-known compound among of rare-earth iron garnets [10] . YIG is formed by heating a combination of a mixture of Y 2 O 3 and Fe 2 O 3 giving Fe and Y to the ratio of 5:3 (Fe:Y) [3] . The ferrimagnetic behavior possessed by YIG garnet ferrite is used for many applications in magnetic and magneto-optical devices. YIG is the best material to be used for high microwave frequency applications. Generally, much research attention has been committed to the investigations of YIG due to its low energy loss, used in the microwave frequency range, having the smallest magnetic-resonance linewidth among the magnetic materials, and high saturation magnetization [8] .
Various techniques have been used to prepare YIG. The solid state method of preparing YIG powders from the corresponding oxides Y 2 O 3 and Fe 2 O 3 is a very tedious process, requiring prolonged grinding operation, and yielding large particles with broad size distribution and poor chemical homogeneity [12] . Other synthesis techniques have been introduced such as sol-gel [2] , co-precipitation [10] , pulsed laser ablation [6] , plasma spraying [4] , and citrate gel process [11] . In order to overcome the shortcomings of the solid-state reaction method, besides many wet-chemical approaches, high-energy ball milling, also known as mechanical alloying is the most suitable technique due to its simple, controllable process, and can be operated on a large scale. Using this method, the powders are crushed mechanically in a rotating stainless steel container by steel balls. The grain sizes can be reduced by this repeated milling to obtain nanoparticles of several nanometers. Furthermore, through mechanical activation, chemical reactions may also take place among the as-milled solids and new nanostructured compounds can be synthesized [5] .
This project aims to study the magnetic permeability and morphology of YIG derived by steel waste product at varied sintering temperatures via activated high-energy ball milling process. The sintering temperature in producing YIG is significantly lower for high-energy ball milling compare with conventional solid-state reaction process which usually needs temperature above 1300 °C.
EXPERIMENTAL DETAILS
Steel waste was used as a starting raw material to produce Fe 2 O 3 powder. The steel waste was milled in a stainless steel container with distilled water. The milling was carried out for several hours continuously. The wet powder was filtered and dried in an oven at 70 o C for 24 hours. The process was continued with magnetic and non-magnetic particles (MNM) separation. This technique was carried out to separate the non-magnetic and magnetic particles. Non-magnetic particles which floated at the surface of the cylinder was removed and the magnetic powder that stick at the field was taken out and again separated with Curie temperature separation (CTS) technique. The particles that have lower T c would fall down to the bottom of the tube. However, the particles with high T c will be taken out and oxidized at 500 o C to form Fe 2 O 3 . 
Eq. (1)
The powders were milled in a SPEX 8000D mechanical alloying machine at room temperature for 9 hours. The balls to powder weight ratio is 10:1. To prevent excessive heating of the milling system, the milling was carried out for 90 min followed by 20 min of pause. The as-milled powders were pressed uniaxially into pellets and toroid form in a die with the diameter of 10 mm and 18 mm respectively at about 3 MPa. The pressed samples were sintered at elevated temperatures from 500/600/700/800/900/1000/1100 °C for 9 hours in air with the heating rate of 3 °C/min.
The phase of the YIG samples were determined using X-ray diffraction, performed on a XPERT PRO PanAnalytical (pw 3040 MPD) XRD diffraction spectrometer. The microstructure of the bulk samples was characterized by field emission scanning electron microscopy (FeSEM) using an FEI NOVA NanoSEM 230 machine. Microstructural measurements such as average grain size, as well as their distributions were obtained using these images. The distributions of grain sizes were obtained by taking at least 200 different grain images for the sample and estimating the mean diameters of individual grains by using the J-image software. The complex permeability measurements were carried out using a HP4219B Materials Impedance Analyzer at room temperature. Permeability (µ′) and loss factor (µ″) of the samples were evaluated by using an impedance analyzer (Agilent Model 4291B) from 1 MHz to 1.8 GHz. Figure 1 shows the XRD spectra for YIG powder heated at varied temperatures. At 500 °C, the raw powder are not completely reacts, as the presence of Fe 2 O 3 and Y 2 O 3 phase. Increase temperature to 600 °C, the presence of secondary phase, YFeO 3 (YIP) along with Fe 2 O 3 and Y 2 O 3 phase can be seen. Increase sintering temperature to 900°C and 1000°C, a mixture of perovskite and garnet structure exists. The YIP phase is completely removed after sintering at higher temperature, stimulate the reaction between the particles. The YIP phase is formed as an intermediate phase formed between Fe 2 O 3 -Y 2 O 3 reactions to form YIG. Besides that, the formation of YIP in YIG may also relate to the incomplete diffusion process. The previous studies mentioned that the easier way to promote the diffusion process is through stoichiometry modification. A stoichiometric ratio of 5:3 Fe to Y is needed as depicted in Eq. (1). By increasing the heat treatment temperature to 1100 °C, the garnet phase becomes the major phase. Other than the sintering temperature, the formation of YIG at 1100 °C from mill scale waste product can also relate with the impact between the powder and the milled for 9 hours that give enough energy to complete reaction to obtain homogeneous powder of YIG. From Figure 1 , a single phase garnet structure was seen for powder sintered at 1100 o C. The XRD pattern are match to the ICSD reference no. 980053762. No undesirable second phases were detected. The significant changes in the XRD patterns of the samples, with the increasing temperature, were the modification of intensity and width of the garnet ferrite peaks. This indicates a dependence of the garnet ferrite structure characteristics, especially crystallite size, on the temperatures. Furthermore, all the samples were found to show crystallization, with well-defined diffraction lines. According to the XRD spectra, various diffraction peaks emerged at different planes (122) Representatives FeSEM micrographs of the YIG sintered at different temperature are shown in Figure 2 . The micrographs of the YIG sintered at 500 °C and 600 °C showed that the particles had less than 100 nm in diameter with some agglomeration. The grain size was fairly homogeneous and the crystal started to grow when the temperature increased up to 700 °C. At 700 °C, the formation of necks between particles has formed which lead to the development of grains. At 800 °C, a small irregular and rounded morphology is observed. The grain becomes rounder and bigger as sintering temperature increased. The grain became finally close to spherical with a smooth surface at 1100 °C. It is believed that a mass transport mechanism started with atomic surface diffusion at relatively low temperatures continued to occur by the grain boundary diffusion, resulting in formation of necking, contact growth, pores elimination and particles grain growth [8] . Table 1 shows the average grain sizes observed from FeSEM. The average grain size was increased with the increasing of the sintering temperature. Figure 3 and Figure 4 show the grain sizes distributions of YIG sintered at 500 °C, 600 °C, 700 °C, 800 °C, 900 °C, 1000 o C and 1100 o C. The measured grain size observed has values from 0.032 µm to 0.734 µm (see Table 1 ). The description of average grain sizes can be explain related to the data in Figure 3 and Figure 4 where the graphs of grain sizes distribution for YIG samples sintered at 500 °C to 1100 °C were plotted. These data showed the most increasing of average grain sizes occurring for the samples sintered at 1100 °C. Figure 5 and Figure 6 show the real permeability, μ΄, and magnetic loss factor, μ΄΄ for YIG measured from 10 MHz to 1 GHz. The μ΄ value was increase to a maximum value and decrease rapidly to a very low value ( Figure 5 ). The μ΄ at 10 MHz shows the highest value for the sample sintered at 1100 °C, which is 5.890. The increased of μ΄ value with increasing of sintering temperature is attributed to the increase of grain sizes, where larger grains diminish the number of grain boundaries [8] . The hindrance of the movement of domain walls will reduced as the magnetic anisotropy decreased with the increasing sintering temperature. Therefore, the domain wall will easily move in the larger grains. The same trend with magnetic real permeability was observed in the case of magnetic loss factor. The YIG sintered showed the increment of loss factor with rise of frequency and attained the maximum value at particular frequency, and then decreased with further increase of frequency. It can be explained as the domain wall movement is easier in the larger grains, thus the eddy current loss is increased [9] . In the ferrite industry, it is desirable to produce samples with low loss. However, in polycrystalline YIG, the eddy current loss can be neglected due to the high resistivity of YIG. 
RESULTS AND DISCUSSION
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Main Tendencies in Applied Materials Science Figure 6 . Magnetic loss factor, μ΄΄ of YIG at 500°C, 600°C, 700°C, 800°C, 900 °C, 1000 °C, and 1100 °C.
SUMMARY
YIG powders have been synthesized from the steel waste product to produce high purity Fe 2 O 3 powder with commercial Y 2 O 3 as a starting materials via the mechanical alloying technique. YIG was successfully persists a complete garnet structure at 1100 °C. As the sintering temperature increases, the average grain sizes also increases, and the real permeability, μ΄, and magnetic loss factor, μ΄΄, increased with rise of frequency and attain the maximum value at particular frequency, and decrease with further increase of frequency. The formation temperature of YIG achieved at 1100 °C was agreement with the conventional solid state reaction and comparable with the YIG phase formation temperature required by most of the mechanical alloying processes using commercial powder of Fe 2 O 3 , as the ferrite reported here was obtains by mill scale waste product.
